Introduction
Multilocular shoot bud galls are the largest, most easily recognised form of gall induced by the Fergusobia Currie 1937 (Christie 1941)/Fergusonina Malloch 1924 mutualism, and hence have been widely collected . Fergusonina turneri Taylor, 2004 and its mutualist Fergusobia quinquenerviae Davies and Giblin-Davis 2004 form multilocular shoot bud galls on Melaeuca quinquenervia (Cav.) S.T. Blake, an invasive woody weed in the Florida Everglades, and were investigated as potential biological control agents for the host (Goolsby et al. 2000) . As part of these investigations, the development of shoot bud galls on M. quinquenervia was examined (Giblin-Davis et al. 2001) , and five other species of Fergusobia from similar galls on other species of broad-leaved Melaleuca Linnaeus 1767 were described (Davies & Giblin-Davis 2004) . The galls of Fergusonina lockharti Tonnoir 1937 and its mutualist Fergusobia brittenae Davies 2010 were found to support a biologically diverse assemblage of parasitoids, hyperparasitoids and gall inquilines (see Fn. flavicornis Malloch 1924, in Taylor et al. 1996 , Taylor & Davies 2010 . The galls of Fn. turneri Taylor 2004/F. quinquenerviae also support a similar assemblage Goolsby et al. 2001) .
Multilocular shoot bud galls, also known as terminal and axial leaf bud galls (TLBG or TLG) Davies et al. 2010a) or stem tip galls (Currie 1937) , have been recorded from Angophora Cav. 1797 and both sub-genera of Eucalyptus L'Héritier 1788. The Waite Insect and Nematode Collection (WINC) contains multilocular shoot bud gall material and associated fly and/or nematode specimens from 30 species of 'eucalypts' (and one hybrid) from every state and territory in Australia (Table 1) . This gall form is a widespread type of Fergusobia/Fergusonina gall, occurring on a broad range of hosts.
Multilocular shoot bud galls are stalked, the stalk comprising the basal portion of the shoot bud from which the gall develops. On eucalypt species of the subgenus Eucalyptus the galls are often longer than wide with a pointed apex (i.e., chilli-shaped) and frequently have leaf tissue growing from the apex . On Angophora and species of the subgenus Symphyomyrtus they are usually more globular, and may attain up to 30 mm in diameter, but are occasionally chilli-shaped. Leaf tissue grows from the apices of some. Fewer locules develop in the elongate forms (~ 10-20) , but hundreds may be found in the large globular forms . Small multilocular bud galls with irregular shapes, containing 2-10 locules, have also been collected from Eucalyptus and Corymbia spp., and will be described in a later paper.
In this paper, six new species of Fergusobia are described, all from large multilocular shoot bud galls from Angophora and Eucalyptus. Information is presented on similar gall forms collected from other host species, and on their associated fergusoninid flies where known (Table 1 ). Molecular and phylogenetic analyses of Fergusobia nematodes isolated from various multilocular shoot bud galls were performed (Ye et al. 2007; Davies et al. 2010a) , and are further discussed here.
Nematode material. Nematodes were collected from galls as described in Davies and Giblin-Davis (2004) , and relaxed and fixed in hot 3% formalin. Latitude and longitude were determined using a Magellan ® GPS 315/320. Drawings and measurements were made from material mounted in glycerol using a camera lucida, as described in Davies et al. (2010a) . When viewed with the light microscope, many fergusobinid nematodes appear to be strongly longitudinally striated, but SEM reveals no such striations (Siddiqi, 1986; KA Davies, unpub. observation) . This suggests that the apparent striations result from longitudinal arrangement of 'fibres' in the subcuticle. The apparent striations are mentioned in descriptions of the new species.
For scanning electron microscopy (SEM), nematodes fixed in formalin were processed by a modification of the method of Heegaard et al. (1986) (Davies et al. 2010a) . For mounting of the dry nematodes on a stub, a piece of human hair was placed on a sticky disc on a stub. Nematodes were placed along the hair and perpendicular to it. Stubs were coated with 3 nm of platinum, and viewed using a Philips XL30 Field Emission scanning electron microscope.
Collections of nematodes were videotaped at the Hubbard Center for Genome Studies (HCGS), The University of New Hampshire (UNH), Durham, NH, USA. Images were made using an inverted Olympus microscope connected to a Retiga-1300 digital camera, and IP Lab software. Videotapes of specimens of Fergusobia species can be found at NemATOL http://nematol.unh.edu, the database for the nematode branch of Assembling the Tree of Life, in the UNH HCGS Nematode Database.
Molecular techniques. The methods used in DNA extraction, PCR, DNA sequencing and phylogenetic analysis were described in Ye et al. (2007) . The molecular sequences determined in the present study were deposited at the GenBank database with the accession numbers listed in the phylogenetic trees ( Fig. 1) . Based on the relationship inferred by 28S D2/D3 and mtCOI trees (Ye et al., 2007) , Fergusobia magna Siddiqi 1984 sensu Davies 2010 from shoot bud gall from Corymbia tessellaris (voucher No. 24) was chosen as outgroup to root both trees. Sample data for voucher numbers is shown in Table 1 .
Automontage. Images of the dorsal shield of Fergusonina larvae were taken using a Leica MZ16 microscope with a Micropublisher 5.0 RTV Digital Camera with QCapture Pro software (QImaging Corporation) and collated with Auto-Montage software version 4.02 (Syncroscopy, Cambridge, UK).
Other. Evolutionary relationships of trees were inferred from assignment to genus, section and series, together with distribution of host plants, and are taken from Brooker & Kleinig (1999 , 2004 .
Abbreviations: NSW New South Wales; QLD Queensland; SA South Australia; TAS Tasmania; VIC Victoria; WA Western Australia; FBG flower bud gall; TLBG terminal leaf bud gall; TLG terminal leaf gall; ANIC Australian National Insect Collection, CSIRO Canberra; USDA United States Department of Agriculture; WINC Waite Insect and Nematode Collection, The University of Adelaide; V voucher numbers as listed in Davies et al. (2012a) ; C.P. Conservation Park.
Results
Molecular phylogenetic relationships. For molecular analysis, 18S, 28S rDNA D2/D3 domains and a portion of mitochondrial DNA cytochrome oxidase subunit I (mtCOI) were sequenced. The phylogenetic trees generated from these were presented and discussed in Davies et al. (2010a) , and a modified tree for D2/D3 is shown in Fig. 1 .
18S, D2/D3 and COI sequences from F. floribundae n. sp. from galls on A. floribunda (V 346) and F. pimpamensis n. sp. from galls on Angophora near woodsiana (V 339) were grouped together in the Bayesian trees for each (Ye et al. 2007b; Figs. 77-79 in Davies et al. 2010a) . This strongly supported a close genetic relationship of these two species of nematodes. These two species are sister to F. ptychocarpae from Corymbia ptychocarpa based on D2/D3 and COI sequences.
Analyses of D2/D3 sequences gave 100% support for a clade (Clade A on Fig. 1 ) comprising F. floribundae n. sp., F. pimpamensis n. sp. and V 340 (undescribed nematode from Eucalyptus sp. near acmenioides) (Davies et al. 2010a; Fig. 1) .
A second clade (Clade B, Fig. 1 ) comprised nematodes from large multilocular shoot bud galls including an undescribed species from E. amygdalina (V 276), F. delegatensae n. sp. from E. delegatensis (V 281), F. diversifoliae n. sp. from E. diversifolia (V 284), an undescribed species from E. racemosa (V's 41, 337), and an FIGURE 1. 1001 st Bayesian tree inferred from analysis of D2/D3 for Fergusobia spp., modified from Davies et al. (2010a) . Posterior probabilities exceeding 50% are given on appropriate clades. Each branch has labelled species name if described, state where collected, voucher number, plant hosts, gall types and GenBank numbers. The Scale for 5 changes represents relevant genetic distance calculated from Bayesian analysis. The letters A, B and C represent clades containing the new species discussed in this paper.
undescribed species from E. sp. (V 36); and from flat leaf galls an undescribed species from E. sp. (V 33). Ye et al. (2007b) found strong support for this clade. However, in the analyses of sequences obtained from D2/D3 (Davies et al. 2010a) , there was poor support for the clade as a whole (Fig. 1 ), but 93% support for a grouping comprising Vs 276, 281, 284, 33, 36, 7, 41 and 337 . The grouping is the same with COI. With COI, there was 94% support for a grouping of F. diversifoliae n. sp. and F. delegatensae n. sp. which was sister to an undescribed species from E. racemosa (V's 41, 337) ( Fig. 79 in Davies et al. 2010a) .
The third clade of Fergusobia from large multilocular shoot bud galls (Clade C, Fig. 1 ) comprised nematodes F. minimus n. sp. from E. tereticornis and F. brittenae from E. camaldulensis. The clade was supported (87%) for D2/D3 sequences, and also in the analyses of Ye et al. (2007b) (100%) . With COI, the inferred grouping had 97% support (Fig. 79 in Davies et al. 2010a) .
In summary, the phylogenetic analyses support the unique status of six new species of Fergusobia, distributed between three clades, and the results of D2/D3 and COI agreed with each other. Material examined. 12 parthenogenetic ♀, 10 pre-parasitic infective ♀, 26 ♂, and 4 parasitic ♀; roadside vegetation, Bridgewater, South Australia, Australia (35°00.30´S 138°46.00´E), a garden plant at Mylor (35º 02.33'S 138º 45.19'E), and roadside vegetation 6 km. west of Stokes Bay, Kangaroo Island, South Australia. All from multilocular shoot bud galls on Eucalyptus cosmophylla. Coll. G.S. Taylor, 16.v.2000; G.S. Taylor, 3.iii.2002; and J.T. Jennings, 8.xii.2000, respectively. Holotype: Parthenogenetic female, together with one infective female and one male paratype on a slide deposited in the ANIC, Canberra, ACT, Australia, collected at Bridgewater, South Australia, data as above.
Paratypes: (collection data as above) deposited at WINC, The University of Adelaide, SA, Australia, 6 parthenogenetic ♀, 5 pre-parasitic infective ♀, 12 ♂, and 4 parasitic ♀; and at the USDA Nematode Collection, Beltsville, MD, USA 5 parthenogenetic ♀, 4 pre-parasitic infective ♀, and 13 ♂.
Description. Parthenogenetic female. From multilocular shoot bud galls on E. cosmophylla. Body tightly Cshaped when heat-relaxed, dorsally curved with ventral side convex and tail more curved than anterior end; similar in size to amphimictic pre-parasitic female and male; cuticle appearing smooth or faintly annulated; longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter ~70% of body diameter immediately posterior, usually offset, unstriated, ~1.5 µm long; circum-oral area flat or slightly raised. Stylet with cone 40-50% of total length, basal knobs rounded.
Orifice of dorsal pharyngeal gland ~1 or 2 µm posterior to stylet knobs. Anterior fusiform part of digestive tract occupying 62-80% (mean 70, n = 9) of body diameter, length 2.2 (1.8-2.8) times diameter; lumen of tract broadening near posterior end of gland. Pharyngeal glands enormous, occupying ~80% of body diameter, extending 42-56% (mean 48%) of total body length.
Secretory/excretory pore with non-refractile duct, about half way along length of pharyngeal gland, secretory/ excretory cell not seen. Hemizonid extending over 2 annules, 4 or 5 annules anterior to secretory/excretory pore.
Reproductive tract variable in length, usually extending part-way along dorsal pharyngeal gland (in 9 of 12 specimens examined) or to posterior end of gland; terminal cell sometimes distinctly off-set; generally outstretched, rarely flexed near tip or flexed posterior to oesophageal gland; oviduct with oocytes not in rows; uterus usually with no eggs (1 egg present in 1 specimen); vulva with wide protruding lips or flat or a depressed slit. Body narrowing gradually behind vulva. Anus flat or opening into small depression in the cuticle. Tail conoid, may be dorsally concave, length 1.5-2 times anal body diameter, tip narrow rounded. Infective pre-parasitic female. From multilocular shoot bud gall on E. cosmophylla. Infecting mature larval stage of Fergusonina sp. or pupa. Arcuate to open C-shape when relaxed by heat, dorsally curved with ventral side convex and greatest curvature in posterior end of body; cylindroid, maximum body diameter at mid-body length or at vulva, anterior and posterior ends with similar shape; cuticle smooth, annules not seen, longitudinal striations apparent when viewed with light microscope; lateral fields not seen. Large, prominent cells in epidermis and intestine.
Cephalic region slightly offset. Circum-oral area flat or with slight central elevation, clearly separated from surrounding sectors; stylet slender, weakly sclerotised, basal knobs ellipsoid and slightly longer than wide; cone 50% of total stylet length.
Orifice of dorsal pharyngeal gland 2-3 µm posterior to stylet knobs; pharyngeal glands occupying 40-70% body diameter, extending over intestine to average 38 (31-45)% body length. Anterior fusiform part of digestive tract occupying 50-61% of body diameter, length 1.8-3 (mean 2.3, n = 5) times diameter.
Secretory/excretory pore opening near posterior of pharyngeal gland; duct not refractile, secretory/excretory cell triangular in shape, small, ~3 µm long, present just underneath epidermis. Hemizonid not seen.
Uterus packed with sperm in inseminated female; vagina at ~80 angle to longitudinal axis of body, reproductive tract extending to nerve ring; length hypertrophied in some specimens. Vulval lips slightly raised by ~2 µm. Anus obscure. Tail not hooked, length 1.1 times diameter at anus, tip almost hemispherical.
Parasitic female. Occurring in haemocoel of abdomen of fly, Fergusonina sp. Arcuate shape with broad, bluntly rounded head and tail tips. Head not off-set. No stylet; oesophagus, intestine and rectum degenerate. Reproductive tract single, greatly hypertrophied, reflexed with sections running almost full body length. Vulva a transverse slit at average 86 (77-92) % of body length.
Male. From multilocular shoot bud galls on E. cosmophylla. Body arcuate to J-shaped when relaxed by heat, tail region more or less curved ventrally, body barely narrowing posterior to cloaca. Cuticle with faint annules, longitudinal striations apparent when viewed with light microscope; lateral fields ~2 µm wide at mid-body length, flat with many broken striae, anterior end obscure. Cephalic region offset, diameter 64-77% of body diameter immediately posterior, 1.8-2.4 µm long; circumoral area clearly separated from, and similar in length to rest of cephalic region, with lightly sclerotised framework. Stylet weakly sclerotised, with cone ~50% of total length, stylet knobs round, ~ 2 µm across. Anterior fusiform part of digestive tract occupying 47-74 (mean 64, n = 14) % of body diameter, length 1.9-3 (mean 2.3, n = 5) times diameter. Pharyngeal glands occupying ~70-85% of body diameter, extending over intestine to average 22-45% (mean 30%) of total body length. Lumen of intestinal tract widening posterior to pharyngeal gland.
Secretory/excretory pore opening at 80-90% of length of pharyngeal gland; duct non-refractile, secretory/ excretory cell not seen. Hemizonid extending over 2-3 annules, ~10 annules anterior to secretory/excretory pore.
Reproductive tract with single testis, variable in length, overlapping dorsal pharyngeal gland or extending part way along intestine; outstretched, rarely reflexed (1/26 specimens); testis, seminal vesicle and vas deferens not clearly differentiated. Bursa smooth, prominent or obscure, 10-40% of body length from tail tip, peloderan. Spicules paired, angular near middle, thick, with blunt tip, moderately sclerotised; manubrium continuous or sometimes offset, with similar width to shaft; blade notched about halfway along anterior edge, opening terminal. Inconspicuous muscles associated with cloaca. Tail short, broad, cylindroid, length 1.5 times diameter at cloaca; tip bluntly rounded to almost hemispherical.
Diagnosis and relationships. Fergusobia cosmophyllae n. sp. is morphologically characterized by the combination of a C-shaped parthenogenetic female with a short arcuate conoid tail, a broad (small a ratio) arcuate infective female with an hemispherical tail tip, and an arcuate to J-shaped male with a broad, angular spicule and short bursa.
The parthenogenetic females are similar to those of F. brittenae, F. diversifoliae n. sp., F. floribundae n. sp., F. pimpamensis n. sp., and F. ptychocarpae Davies 2008 (Taylor & Davies 2008 (Jairajpuri 1962 ) Siddiqi 1986 ; and larger than F. cajuputiae Davies & Giblin-Davis 2004 (221-273 µm) , F. fasciculosae (237-285 µm), F. fisheri (228-305 µm), F. jambophila Siddiqi 1986 (195-300 µm) , F. leucadendrae Davies & Giblin-Davis 2004 (205-303 µm) , F. morrisae (262-347 µm), F. nervosae (245-309 µm), F. philippinensis (229-310 µm), F. quinquenerviae (224-324 µm), and F. viridiflorae (259-328 µm). The stylet is larger in the parthenogenetic female of F. cosmophyllae n. sp. (8-9 µm) than in F. floribundae n. sp. (6-7 µm) and F. juliae (5-7 µm); and smaller than in F. camaldulensae (11-13 µm), F. microcarpae (9.5-11 µm), F. pohutukawa (10-11 µm), and F. rileyi (10-13 µm). The anterior fusiform part of the digestive tract of F. cosmophyllae n. sp. occupies more of the body (62-80% of body diameter) than in F. delegatensae n. sp. (45-60%). The position of the vulva (85-89%) is more posterior than in F. curriei (78-84%) and F. indica (71-84%). The shape of the posterior part of the body (conoid, arcuate, with rounded tip) of F. cosmophyllae n. sp. differs from that of F. dealbatae Davies & Giblin-Davis 2004 (conoid, straight) ; F. floribundae n. sp., F. morrisae, F. philippinensis and F. pimpamensis n. sp. (more slender, conoid, arcuate); F. diversifoliae n. sp. (body narrows quickly behind the vulva); and F. magna (conoid, slender, arcuate to straight). The tail tip of F. cosmophyllae n. sp. is more narrowly rounded than in parthenogenetic females of F. eugenioidae Davies 2012 (Davies et al. 2012b . Ratio c is larger (17.8-23. 3) than in F. tumifaciens Currie 1937 (10-11) . Ratio c' (1.3-1.8) is smaller than in F. magna (2.5-4.8) and larger than in F. brevicauda (0.9-1.1). The parthenogenetic female of F. cosmophyllae n. sp. mostly has a shorter stylet than F. ptychocarpa Davies 2010 (Taylor & Davies 2010 ) (8-9 µm vs 8-13 µm), and the hemizonid is further anterior (4-5 annules vs just anterior to the secretory/excretory pore). Fergusobia cosmophyllae n. sp. lacks the large secretory/excretory cell found in F. brittenae. While morphologically similar to F. minimus n. sp., F. cosmophyllae n. sp. has a longer stylet (8-9 vs 4-8 µm in length) and the secretory/excretory pore is more posterior (158-221 µm vs 55-116 µm from the anterior end).
In being broad and having a small a ratio (4-6.8), the infective female of F. cosmophyllae n. sp. differs from all other described species except F. fisheri (6.8-12.5). Morphologically, it cannot be clearly separated from infective females of F. fisheri, having similar size and body shape; but F. cosmophyllae n. sp. tends to be broader, to have a shorter tail (15-32 vs 21-49 µm long) and a more posterior excretory pore (anterior end to pore opening 77-111 vs 66-91 µm).
The shape (arcuate to J) of the male of F. cosmophyllae n. sp. differs only from that of F. jambophila (males almost straight). Length of the male (374-502 µm) is greater than that of F. cajuputiae (286-364 µm), F. fasciculosae (274-336 µm), F. leucadendrae (254-350 µm), F. nervosae (277-312 µm), F. porosae (270-326 µm), and F. quinquenerviae (256-329 µm). Ratio a (8.4-11.4) is smaller than in F. pohutukawa (12.2-15.5). Tail shape (arcuate, with a broadly rounded tip) differs from F. philippinensis (arcuate with a truncate tip) and from F. magna, F. pohutukawa, F. ptychocarpae, F. rileyi and F. viridiflorae (more slender, straight, arcuate or C-shaped tails). The tail length (26-52 µm) in the male of F. cosmophyllae n. sp. is shorter than in F. magna (54-87 µm) and F. rileyi (58-70 µm). Ratio c' (1.1-2.2) is larger than that of F. brittenae (0.7-1.4). viridiflorae (18-20 µm) . In having an angular shape, the spicule differs from that of F. jambophila and F. pimpamensis n. sp., where it is arcuate. In F. cosmophyllae n. sp., the bursa is short (10-40% of total body length). It is longer in F. camaldulensae (50-70%), F. delegatensae n. sp. (40-68%), F. diversifoliae n. sp. (~80%), and F. pimpamensis n. sp. (61-80%). The tail tip of F. cosmophyllae n. sp. is more broadly rounded than in F. microcarpae, and the hemizonid is about 10 annules anterior to the secretory/excretory pore in F. cosmophyllae n. sp. but only 1-2 annules anterior in F. microcarpae. The male of F. cosmophyllae n. sp. has a shorter stylet (6-11 µm) than F. tumifaciens (12 µm).
Etymology. Named after Eucalyptus cosmophylla, the host plant from which the nematodes were collected.
Fergusobia delegatensae n. sp. Davies (Figs 3, 4, 9E, 10E)
Measurements. Table 3 . Material examined. 5 parthenogenetic ♀, 4 pre-parasitic infective ♀ and 21 ♂; roadside vegetation, Ben Lomond National Park, Tasmania, Australia (41°30´S 147°45´E). From multilocular shoot bud galls on Eucalyptus delegatensis. Coll. K.A. Davies, 11.xi.2002. Holotype: Parthenogenetic female, on a slide together with one infective female and a male paratype; deposited in the ANIC, Canberra, ACT, Australia, collection data as above.
Paratypes: (collection data as above) deposited at the WINC, The University of Adelaide, SA, Australia, 1 parthenogenetic ♀, 1 pre-parasitic infective ♀, and 10 ♂; the Tasmanian Museum and Art Gallery, Hobart, TAS, Australia, 2 parthenogenetic ♀, 1 pre-parasitic infective ♀, and 9 ♂; and the USDA Nematode Collection, Beltsville, MD, USA 1 parthenogenetic ♀, 1 pre-parasitic infective ♀, and 1 ♂.
Description. Parthenogenetic female. From multilocular shoot bud galls on E. delegatensis. Open C-shape when heat relaxed, dorsally curved with ventral side convex; similar in size to amphimictic pre-parasitic female and to male; cuticle with obscure annules, ~1 µm wide, longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter 64-77 % of diameter immediately posterior, offset, unstriated; rounded outline in lateral view, 1.8-2.3 µm long; circum-oral area flat. Four fused rounded sectors separated by two wider and two narrower flatter sectors, i.e., 8 lips visible with SEM ( Fig. 4 C, D) . Stylet with cone 40-50% of total length, basal knobs round, slightly longer than wide, ~2 µm across.
Orifice of dorsal pharyngeal gland 1-2 µm posterior to stylet knobs. Anterior fusiform part of digestive tract occupying ~45-60% of body diameter, length 2.6 (2.4-2.8) times diameter; lumen of tract broadening near posterior of pharyngeal glands. Pharyngeal glands enormous, occupying ~75% of body diameter, extending 46 (44-50) % of total body length.
Secretory/excretory pore opening at about half length of pharyngeal gland, with duct leading to ellipsoid secretory/excretory cell just beneath body wall. Hemizonid extending over 2 annules, 5 annules anterior to secretory/excretory pore.
Reproductive tract variable in length, extending part-way along dorsal pharyngeal gland; outstretched or with one or two flexures; oviduct with oocytes in rows of two or three, or not in file; uterus containing no eggs or one egg; vulva with protruding lips or a depressed slit. Body narrowing gradually, conoid posterior to vulva. Tail slightly dorsally concave, conoid, length 1.5 times anal body diameter, tip rounded.
Infective pre-parasitic female. From multilocular shoot bud gall on E. delegatensis. Infecting mature larval stage of Fergusonina sp. or pupa. Arcuate shape when relaxed by heat, dorsally curved with ventral side convex; maximum body diameter at mid-body length; anterior and posterior ends with similar shape. Cuticle with obscure annules ~1 µm wide, longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region not offset. Circum-oral area flat. Stylet slender, weakly sclerotised with tiny basal knobs longer than wide; cone 50% of total length.
Orifice of dorsal pharyngeal gland 1-2 µm posterior to stylet knobs. Anterior fusiform part of digestive tract occupying ~40% of body diameter, length ~2.5-8 times diameter. Pharyngeal glands occupying ~30% body diameter, extending over intestine to 32 (23-55) % body length. Post-anal intestinal sac present.
Opening of secretory/excretory pore variable in position relative to pharyngeal glands; secretory/excretory cell not seen. Hemizonid not seen.
Uterus occupying 70% of body length in uninseminated female, packed with sperm in inseminated female; vagina at right angle to longitudinal body axis; reproductive tract extending to nerve ring; sometimes hypertrophied in length and reflexed. Vulval lips small, slightly raised. Tail short, broad, length 0.7-1.2 times diameter at anus, tip almost hemispherical.
Male. From multilocular shoot bud galls on E. delegatensis. Body arcuate to open C-shape when relaxed by heat, tail region more curved ventrally. Cuticle with obscure annules ~1 µm wide, longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region offset (but often retracted when heat-killed), diameter 65-75% of body diameter immediately posterior, 1.2-3 µm long; circum-oral area flat, with lightly sclerotised framework; stylet 8-11 µm long, cone 40% of total length, stylet knobs round 2 µm across. Anterior fusiform part of digestive tract occupying 45-75% of body diameter, length 2.5 (1.6-4.6) times diameter. Orifice of dorsal pharyngeal glands 2 µm posterior to stylet knobs; pharyngeal glands diameter ~45-60% of body diameter, extending over intestine to average 34% (26-43%) of total body length.
Secretory/excretory pore at ~50% of length of pharyngeal gland; duct refractile for first ~5 µm, secretory/ excretory cell not seen. Hemizonid extending over 2 annules, one annule anterior to secretory/excretory pore.
Reproductive tract with single testis, variable in length, sometimes extending to nerve ring but usually overlapping dorsal pharyngeal gland; outstretched or reflexed. Testis, seminal vesicle and vas deferens clearly differentiated, with testis offset and seminal vesicle outstretched with two or three germ cells per row. Bursa smooth or crenate, sometimes longitudinally striated; prominent or obscure; arising 40-68% along length of body from tail tip; terminating immediately posterior to cloaca. Spicules paired, arcuate to angular near middle, strongly sclerotised; manubrium wider than shaft with tip rounded or pointed; blade with convex curve on anterior edge, opening terminal. Inconspicuous muscles associated with cloaca. Tail in line with body or more ventrally curved, length 1.5-2.5 times diameter at cloaca; tip bluntly rounded. Diagnosis and relationships. Fergusobia delegatensae n. sp. is morphologically characterized by the combination of an open C-shaped parthenogenetic female with a broadly conoid tail, an infective female of variable shape with an hemispherical tail tip, and male of open C-shape with a bursa that arises 40-70% along the length of the body and terminates just posterior to the cloaca.
In form, the parthenogenetic female of F. delegatensae n. sp. is closest to those of F. eugenioidae, F. fasciculosae, F. fisheri, F. juliae, F. microcarpae, and F. porosae. The infective female is closest to those of F. brittenae, F. cosmophyllae n. sp., F. diversifoliae n. sp., and F. fasciculosae. The male is closest to those of F. diversifoliae n. sp.
From phylogenetic analyses based on sequences of D2/D3 and COI, F. delegatensae n. sp. is genetically close to Fergusobia spp. isolated from multilocular shoot bud galls on E. amygdalina, E. diversifoliae (F. diversifoliae n. sp.), and E. racemosa, and from flower bud galls on E. obliqua.
In shape (open C), the parthenogenetic female of F. delegatensae n. sp. differs from those of F. fasciculosae (arcuate); F. brittenae, F. cosmophyllae n. sp., F. floribundae n. sp., F. indica and F. minimus n. sp. (C-shape); and F. rileyi (almost straight to arcuate). It is longer (345-527 µm) than F. cajuputiae (221-273 µm), F. fasciculosae (237-285 µm), F. fisheri (228-305 µm), F. jambophila (195-300 µm), F. leucadendrae (205-303 µm), F. morrisae (262-347 µm), F. nervosae (245-309 µm), F. philippinensis (229-310 µm), F. quinquenerviae (224-324 µm), and F. viridiflorae (259-328 µm). The stylet (8-10 µm) is longer in this parthenogenetic female than in F. floribundae n. sp. (6-7 µm) and F. juliae (5-7 µm); and shorter than in F. camaldulensae (11-13 µm), F. indica (12-15 µm), and F. rileyi (10-13 µm). In having large to enormous pharyngeal glands (b' 1.8-2), it is similar to most described species, but differs from F. brevicauda, F. magna, and F. tumifaciens which have smaller glands. The position of the vulva (85-87%) is more posterior than in F. curriei (78-84%). The shape of the body behind the vulva of F. delegatensae n. sp. (conoid, arcuate, with bluntly rounded tip) differs from that of F. brevicauda, F. cajuputiae, and F. leucadendrae (arcuate with broadly rounded tip), and from F. dealbata, F. magna, F. morrisae, F. philippinensis, F. pimpamensis n. sp., and F. ptychocarpae (more slender, arcuate or straight tails). Tail length (14-18 µm) is shorter than in F. brittenae (23-37 µm) and F. pimpamensis n. sp. (20-41 µm), and F. pohutukawa (19-35 µm). Ratio a (8.4-10.3) in F. delegatensae n. sp. is larger than in F. pohutukawa (4.4-8.2) and F. tumifaciens (7-8). Ratio c in F. delegatensae n. sp. (21.6-27.1) is larger than F. camaldulensae (9-17.9), F. curriei (9.6-14.9), F. eugenioidae (13-19), F. juliae (12.5-19.9), and F. tumifaciens (10-11). The position of the hemizonid (5 annules anterior to the secretory/excretory pore) separates F. delegatensae n. sp. from F. microcarpae (2-3 annules anterior), F. porosae (2-3 annules anterior), and F. diversifoliae n. sp. (8 annules anterior).
The infective female of F. delegatensae n. sp. is arcuate in shape, differing from F. brittenae, F. curriei and F. magna (open C); F. fisheri (barely J); from F. eugenioidae, F. juliae, F. morrisae, and F. ptychocarpae (strongly curved in posterior region); and F. rileyi (almost straight). In length (375-452 µm) it is smaller than F. magna (537-633 µm); and larger than F. cajuputiae (239-309 µm), F. dealbatae (307-347 µm), F. fasciculosae (268-332 µm), F. leucadendrae (227-291 µm), F. porosae (277-300 µm), and F. quinquenerviae (259-325 µm). Ratio a (10.5-12) of the infective female of F. delegatensae n. sp. is larger than in F. brevicauda (6.5-9.0) and F. cosmophyllae n. sp. (4-6.8). The vulva is more posterior (83-90%) than in F. philippinensis (70-82%). The stylet is longer (8-11 µm) n. sp. than in F. microcarpae (6-7 µm) and F. minimus n. sp. (4-5 µm). The shape of the body behind the vulva in F. delegatensae n. sp. is straight with a hemispherical tip; differing from that of F. microcarpae, F. porosae, and F. quinquenerviae (straight with broadly rounded tips); F. philippinensis (with a truncate tip); F. nervosae and F. viridiflorae (arcuate with bluntly rounded tail tips); and F. floribundae n. sp. (curved, with hemispherical tips). F. delegatensae n. sp. is separated from F. pimpamensis n. sp. by having an off-set head; and from F. camaldulensae by lacking a peaked circum-oral area.
The male of F. delegatensae n. sp. is arcuate to C-shaped, and differs from F. brittenae, F. curriei, F. juliae, and F. ptychocarpae (J-shape), F. eugenioidae n. sp. and F. tumifaciens (just J-shape); F. pohutukawa and F. rileyi (almost straight to arcuate); and F. porosae and F. jambophila (almost straight). In length (350-518 µm), it is larger than F. fasciculosae (274-336 µm), F. nervosae (277-312 µm), F. porosae (270-326 µm), and F. quinquenerviae (256-329 µm). The arcuate, conoid shape of the tail differs from that of F. rileyi and F. viridiflorae (more slender, arcuate to straight), and F. philippinensis (arcuate with a truncate tip). The spicule is shorter (18-23.5 µm) than that of F. magna (30-37 µm); and longer than that of F. cosmophyllae n. sp. (12-15 µm) and F. leucadendrae (14-17 µm). In having an angular shape, the spicule differs from that of F. rileyi, F. pimpamensis n. sp. and F. jambophila, where it is arcuate. The bursa of F. delegatensae n. sp. ends just posterior to the cloaca, separating it from F. cajuputiae, F. camaldulensae, F. dealbatae, F. diversifoliae n. sp., F. fisheri, F. floribundae n. sp., F. microcarpae, F. minimus n. sp., and F. morrisae, in which it extends to or around the tail tip.
Etymology. Named after Eucalyptus delegatensis, the host plant from which the nematodes were collected.
Fergusobia diversifoliae n. sp. Davies (Figs 5, 9I, 10I)
Measurements. Table 4 . Material examined. 14 parthenogenetic ♀, 6 pre-parasitic infective ♀, and 15 ♂; roadside vegetation, Meningie, South Australia, Australia (35°40´S 139°20´E). From multilocular shoot bud galls on Eucalyptus diversifolia. Collected K.A. Davies, 29.viii.1996 and 4.iii.2000 .
Holotype: A parthenogenetic female, on a slide with an infective female and a male paratypes, deposited in the ANIC, Canberra, ACT, Australia, collection data as above.
Paratypes: (collection data as above) deposited at the WINC, The University of Adelaide, SA, Australia, 10 parthenogenetic ♀, 4 pre-parasitic infective ♀, 10 ♂; and the USDA Nematode Collection, Beltsville, MD, USA 3 parthenogenetic ♀, 1 pre-parasitic infective ♀, and 3 ♂.
Description. Parthenogenetic female. From multilocular shoot bud galls on E. diversifolia. Shape variable, dorsally curved with ventral side convex to form arcuate, open C or C-shape; similar in size to amphimictic preparasitic female and to male; body tapering posterior to vulva to form a short conoid tail. Cuticle with obscure annules, ~1 µm wide, longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter ~70-80% of body diameter immediately posterior, offset, 1.2-1.5 µm long, unstriated; rounded outline and flat or slightly raised circum-oral area in lateral view. Stylet 8-9 µm long, with cone 40-50% of total length, basal knobs 2-3 µm across at base, round. 
Orifice of dorsal pharyngeal gland ~1 µm posterior to stylet knobs. Anterior fusiform part of digestive tract diameter 59-68% of body diameter, length 2.3 (2.2-2.5) times diameter; lumen of tract broadening posterior to dorsal pharyngeal gland. Pharyngeal glands enormous, occupying ~75-85% of body diameter, extending 48 (33-67) % of total body length.
Secretory/excretory pore 87-123 µm from anterior end with duct leading to large, ellipsoid secretory/excretory cell ~10-15 µm long that may push pharyngeal gland aside. Duct opening at about 30% of length of pharyngeal glands. Hemizonid extending over one or two annules, 8 annules anterior to secretory/excretory pore.
Reproductive tract variable in length, extending part-way along dorsal pharyngeal gland or to nerve ring; outstretched or with one or two flexures in region of nerve ring or gland; oviduct usually with two oocytes per row; uterus containing no eggs or one egg (in 3 of 13 specimens examined); vulva with barely protruding lips or a depressed slit. Tail short, conoid, length 1-2 times anal body diameter, tip rounded.
Infective pre-parasitic female. From multilocular shoot bud gall on E. diversifolia. Infecting mature larval stage of Fergusonina sp. or pupa. Arcuate shape when heat-relaxed, dorsally curved with ventral side convex; maximum body diameter at mid-body length, body tapering only slightly posterior to vulva. Cuticle appears smooth with obscure annules ~1 µm wide, longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter ~65-85% of diameter immediately posterior, offset, ~1 µm long; circum-oral area flat or slightly raised; stylet slender, 9-11 µm long, weakly sclerotised with ellipsoid basal knobs longer than wide, 1-2 µm across; cone 40% of total length.
Orifice of dorsal pharyngeal gland 2 µm posterior to stylet knobs. Anterior fusiform part of digestive tract diameter 40-50% of body diameter, length 2.8 times (2.5-3.3) diameter. Pharyngeal glands occupying ~50% body diameter, extending over intestine to average 29 (25-34) % body length.
Secretory/excretory pore opening 80-130 µm posterior to anterior end of body, about 50% along length of pharyngeal glands; secretory/excretory cell not seen. Hemizonid extending over 3 or 4 annules, 6-8 annules anterior to secretory/excretory pore.
Uterus packed with sperm in inseminated female; vagina at right angle to longitudinal axis of body; reproductive tract extending to nerve ring, sometimes hypertrophied in length. Vulval lips small, slightly raised, with large muscles associated with vagina. Tail short, broad, length 1-2 times diameter at anus, tip almost hemispherical.
Male. From multilocular shoot bud galls on E. diversifolia. Body arcuate to J-shaped when relaxed by heat, tail region more or less curved ventrally or ventrally concave. Cuticle weakly annulated, annules ~1µm wide, with strong longitudinal striae apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter 75-85% of diameter immediately posterior, offset, ~2 µm long; circum-oral area flat, with lightly sclerotised framework; stylet 8-9 µm long, with cone 50% of total length, round stylet knobs 1-2 µm across. Anterior fusiform part of digestive tract occupying 50-73% of body diameter, length 2.2 (1.7-3.1) times diameter. Pharyngeal glands occupying ~35-80% of body diameter, extending over intestine to 30 (26-34) % of total body length. Secretory/excretory pore opening 98-129 µm posterior to anterior end of body, at ~50 % length of pharyngeal gland; obvious but not highly refractile duct, secretory/excretory cell not seen. Hemizonid extending over 2-3 annules, about 8 annules anterior to secretory/excretory pore.
Reproductive tract with single testis, usually extending to nerve ring; outstretched or reflexed at posterior of pharyngeal gland or in region of nerve ring; testis, seminal vesicle and vas deferens not clearly differentiated.
Bursa smooth or crenate, peloderan; prominent or obscure; arising anterior to secretory/excretory pore. Spicules paired, angular near their middle, moderately sclerotised; manubrium not offset, wider than shaft, blade tapering gradually to truncate tip; opening terminal or just sub-terminal. Inconspicuous muscles associated with cloaca. Tail ventrally curved, length 1.6-2.4 times diameter at cloaca, tip rounded.
Diagnosis and relationships. Fergusobia diversifoliae n. sp. is morphologically characterized by the combination of a C-shaped parthenogenetic female with a conoid tail, an arcuate infective female with a hemispherical tail tip, and arcuate, C-or J-shaped male with angular spicules and long peloderan bursa.
The parthenogenetic female is most similar to F. brittenae, F. cosmophyllae n. sp., F. delegatensae n. sp., F. floribundae n. sp., F. pimpamensis n. sp. and F. ptychocarpae. The infective female is most similar to F. brittenae, F. camaldulensae, F. cosmophyllae n. sp., and F. delegatensae n. sp. The male is most similar to those of F. delegatensae n. sp., F. eugenioidae, F. floribundae n. sp., F. pimpamensis n. sp., and F. ptychocarpae.
From phylogenetic analyses based on sequences of D2/D3 and COI, F. diversifoliae n. sp. is genetically close to Fergusobia species isolated from multilocular shoot bud galls on E. amygdalina, E. delegatensis (F. delegatensae n. sp.) and E. racemosa, and from flower bud galls on E. obliqua, all from the subgenus Eucalyptus (Ye et al. 2007; Davies et al. 2010a) .
In shape (arcuate to open C-shaped to C-shaped), the parthenogenetic female of F. diversifoliae n. sp. differs from F. rileyi (almost straight to arcuate). In length (302-475 µm), the female is smaller than F. indica (525-626 µm); but larger than F. cajuputiae (221-273 µm), F. fasciculosae (237-285 µm), and F. jambophila (195-300 µm). In having a flat or slightly raised circum-oral area, F. diversifoliae n. sp. differs from F. camaldulensae, F. eugenioidae, F. jambophila, F. juliae, F. magna, and F. pohutukawa, in which it is peaked. The stylet (8-11 µm) is longer than in F. floribundae n. sp. (6-7 µm) and F. juliae (5-7 µm). The vulva is more posterior (84-91%) than in F. nervosae (81-83%) and F. tumifaciens (81%). The shape of the body posterior to the vulva (almost straight, conoid, narrowing sharply) in F. diversifoliae n. sp. differs from that of F. brevicauda, F. cajuputiae, F. camaldulensae, F. fasciculosae, F. leucadendrae, and F. nervosae (arcuate or curved, with broadly rounded tips), F. dealbatae, F. floribundae, F. magna, F. morrisae, F. philippinensis, F. pimpamensis n. sp., and F. ptychocarpae (more slender), and F. pohutukawa (straight, conoid, may have mucron). The parthenogenetic female of F. diversifoliae n. sp. is separated from those of F. brittenae by the large secretory/excretory cell in the latter, which also tends to have a more slender tail. In having the hemizonid more distant (8 annules) from the secretory/ excretory pore, the parthenogenetic female of F. diversifoliae n. sp. differs from that of F. cosmophyllae n. sp. (4-5 annules), F. dealbatae (4-6), F. delegatensae sp. nov (5), F. microcarpae (2-3), F. porosae (2-3), F. quinquenerviae (2-6), and F. viridiflorae (4). The parthenogenetic female of F. diversifoliae n. sp. is mostly longer (302-475 µm) than that of F. fisheri (228-305 µm); and to have a more posterior vulva (84-91%) than in F. curriei (78-84%). It is close to F. minimus n. sp., but lacks the swollen duct of the secretory/excretory system, and the secretory/excretory pore is more posterior (87-123 µm vs 55-116 µm from the anterior end of the body).
The shape of the infective female (arcuate) of F. diversifoliae n. sp. differs from that of F. magna, F. brittenae and F. curriei (open C); from F. fisheri (barely J); from F. eugenioidae, F. juliae, F. morrisae, and F ptychocarpae (strongly curved in posterior region); and from F. rileyi (almost straight). It is shorter (357-473 µm) than F. magna (537-633 µm); and longer than F. cajuputiae (239-309 µm), F. dealbatae (307-347 µm), F. fasciculosae (268-332 µm), F. leucadendrae (227-291 µm), F. porosae (277-300 µm), and F. quinquenerviae (259-325 µm). The stylet (9-11 µm) is longer than in F. brevicauda (8-8.5 µm), F. cajuputiae (7-8 µm), F. cosmophyllae n. sp. (6-8 µm), F. floribundae n. sp. (5-8 µm), F. microcarpae (6-7 µm), and F. minimus n. sp. (4-5 µm). Ratio a (8.2-12) of the infective female is larger than F. cosmophyllae n. sp. (4-6.8). The shape of the body posterior to the vulva (straight with a hemispherical tip) differs from that F. pimpamensis n. sp. (arcuate or curved with a hemispherical tip); and from F. philippinensis (with truncate tail tip). Morphologically, the infective female of F. diversifoliae n. sp. is close to that of F. delegatensae n. sp., but can be separated because it has a continuous, compared to an offset, cephalic region. The position of the hemizonid (6-8 annules anterior to the secretory/excretory pore) separates it from F. camaldulensae (immediately in front), F. nervosae (2 annules), and F. viridiflorae (1 annule).
The shape of male F. diversifoliae n. sp. (arcuate, C-or barely J-shaped) differs from that of F. brittenae, F. curriei, F. juliae, and F. ptychocarpae (J-shape); and from F. jambophila and F. porosae (almost straight). The body length (413-459 µm) is greater than in F. cajuputiae (286-364 µm), F. fasciculosae (274-336 µm), F. jambophila (200-390 µm), F. leucadendrae (254-350 µm), F. microcarpae (311-398 µm), F. nervosae (277-312 µm), F. philippinensis (280-390 µm), F. porosae (270-326 µm), and F. quinquenerviae (256-329 µm). The stylet is shorter (7-9 µm) than in F. magna (9.5-13 µm), F. pohutukawa (10-11 µm) and F. rileyi (11-13 µm). Ratio a of male F. diversifoliae n. sp. (10.8-14.6) is larger than that of F. morrisae (8.5-10.7) and F. tumifaciens (8-9). The tail shape (arcuate) differs from that of F. viridiflorae (more slender, straight or arcuate); from F. cosmophyllae n. sp. (broader, arcuate), and from F. philippinensis (arcuate, with truncate tip). The tail is shorter in the male of F. diversifoliae n. sp. (33-46 µm) than in F. magna (54-87 µm), and F. pohutukawa (50-61 µm). The spicule length (17.5-21 µm) is shorter than in F. eugenioidae (23-25 µm); and longer than in F. cosmophyllae n. sp. (12-15 µm) . In having an angular shape, the spicule differs from that of F. jambophila, F. pimpamensis n. sp. and F. rileyi n. sp., where it is arcuate; and the angle is larger than in spicules of F. delegatensae n. sp. The anterior of the bursa is near the excretory pore of F. diversifoliae n. sp., separating it from F. delegatensae n. sp. (near the head); F. brevicauda (33% of the body length from the head), F. camaldulensae (50-70%), F. dealbatae (30-50%), F. fisheri (20-55%), F. floribundae n. sp. (23-55%), and F. minimus n. sp. (12-28 %) .
Etymology. Named after Eucalyptus diversifolia, the host plant from which the nematodes were collected.
Fergusobia floribundae n. sp. Davies (Figs 6, 9A, 10A)
Measurements. Table 5 . Material examined. 16 parthenogenetic ♀, 7 pre-parasitic infective ♀, and 23 ♂; roadside vegetation, Frog Rock, near Mudgee, NSW, Australia (32°28´S 149°25´E), and a tree in a cultivated agricultural field at Breeza, NSW (31º 15'S 150º 27'E). Taken from multilocular shoot bud galls on Angophora floribunda. Coll. KA Davies, 15.i.2004; and KA Davies, 29.xii.1998 . Holotype: A parthenogenetic female, on a slide with an infective female and a male paratypes, deposited in the ANIC, Canberra, ACT, Australia, collected at Frog Rock, near Mudgee, NSW, data as above.
Paratypes: Vouchers (collection data as above) deposited at the WINC, The University of Adelaide, SA, Australia, 4 parthenogenetic ♀, 2 pre-parasitic infective ♀, 7 ♂; the Australian National Museum, Sydney, NSW, Australia 10 parthenogenetic ♀, 2 pre-parasitic infective ♀, and 10 ♂; and at the USDA Nematode Collection, Beltsville, MD, USA 1 parthenogenetic ♀, 1 pre-parasitic infective ♀, and 5 ♂.
Other material examined. 10 parthenogenetic ♀, 6 pre-parasitic infective ♀, and 10 ♂, from gall forms on A. floribunda as above, from Settlers' Road near St Albans, NSW (33º19.20'S, 150º58.62'E). Collected K.A. L. Nelson, 19.iv.2010 (WNC 2534 vulva tapering, straight or dorsally concave; similar in size to amphimictic pre-parasitic female and to male. Cuticle with obscure annules 1-1.5 µm wide, longitudinal striations apparent when viewed with light microscope; lateral fields not seen. Cephalic region offset, frequently retracted when heat-killed, diameter ~65-70 % of body diameter immediately posterior, ~2 µm long, unstriated; rounded outline and flat circum-oral area in lateral view. Stylet with cone comprising 40% of total length, basal knobs ~2 µm across at base, rounded, longer than wide.
Orifice of dorsal pharyngeal gland 1 µm posterior to stylet knobs. Anterior fusiform part of digestive tract diameter 52-88% (mean 62) of body diameter (n = 7), length 2-3.1 times diameter. Lumen of tract broadening at ~50% length of dorsal pharyngeal gland. Pharyngeal glands enormous, occupying ~80% of body diameter, extending 34-56% (mean 42) of total body length. Secretory/excretory pore opening opposite nucleus of pharyngeal gland, with obscure duct leading to large, ellipsoid secretory/excretory cell 10 µm long and ~2 µm beneath cuticle. Hemizonid extending over 1-2 annules, 1 annule anterior to secretory/excretory pore.
Reproductive tract variable in length, extending to nerve ring in most specimens; outstretched or occasionally with one flexure (in 1 of 16 specimens examined); oviduct with oocytes not in rows; uterus containing no eggs or one egg (in 8 of 16 specimens); vulva with protruding lips, flat or a depressed slit. Anus flat or opening into a cuticular depression. Tail relatively slender, conoid, curved, length 1.7-2.6 times anal body diameter, tip rounded.
Infective pre-parasitic female. From shoot bud gall on A. floribunda. Infecting mature larval stage of Fergusonina sp. or pupa. Arcuate shape when relaxed by heat, dorsally curved with ventral side convex and greater curvature posterior to vulva; maximum body diameter at mid-body length, barely narrowing posterior to vulva. Cuticle with obscure annules not measured, longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region barely offset, up to 2 µm long; circum-oral area flat; stylet with strong shaft; basal knobs ~2 µm across, longer than wide, rounded; cone not seen.
Orifice of dorsal pharyngeal gland 1µm posterior to stylet knobs. Anterior fusiform part of digestive tract diameter 40-50% of body diameter, length 2.9-3.8 times diameter. Pharyngeal glands occupying 18-31% of body diameter, extending over intestine to average 23 (18-35) % body length.
Secretory/excretory pore usually opening posterior to pharyngeal glands; duct obscure, opening onto slightly raised cuticle; secretory/excretory cell ellipsoid, ~10 µm long. Hemizonid not seen.
Uterus packed with sperm in inseminated female; vagina angled slightly towards tail, plugged with refractive material; reproductive tract extending to nerve ring; sometimes hypertrophied in length. Vulval lips almost flat. Tail broad, curved, length 0.7-1.3 times diameter at anus, tip almost hemispherical.
Parasitic female. From haemolymph in abdomen of adult female Fergusonina sp. Larger than other stages (0.92-1.16 mm long); non-motile. Dorsally curved when heat-killed; stout (a = 6.2-6.9). Head not offset. No stylet; no cuticle apparent; oesophagus, intestine and rectum degenerate. Reproductive tract single, greatly hypertrophied, many reflexes with sections running almost entire body. Vulva a transverse slit at 82% body length.
Male. From multilocular shoot bud galls on A. floribunda. Body arcuate when heat relaxed, tail region more or less curved ventrally, concave on ventral side. Cuticle with obscure annules not measured, strong longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region offset, ~2 µm long; circum-oral area flat or slightly elevated, with lightly sclerotised framework; stylet with cone ~50% of total length, stylet knobs ~2 µm across, longer than wide, rounded. Anterior fusiform part of digestive tract diameter 42-70 % (mean 60) of body diameter (n = 7), length 2.2-3.2 times diameter. Pharyngeal glands occupying 31-85% (mean 50) of body diameter, extending over intestine to 18-38% (mean 24) of total body length.
Secretory/excretory pore opening at ~70% of length of pharyngeal gland; duct obscure; secretory/excretory cell not seen. Hemizonid difficult to see, extending over 2 or 3 annules, 4 or 5 annules anterior to secretory/ excretory pore.
Reproductive tract with single testis, variable in length, usually overlapping dorsal pharyngeal gland, sometimes extending to nerve ring, sometimes not reaching posterior end of gland; outstretched or reflexed near nerve ring or posterior to pharyngeal gland; testis, seminal vesicle and vas deferens sometimes clearly differentiated (in 3 of 23 specimens) but mostly not differentiated. Bursa smooth, peloderan; prominent or obscure; arising 23-55% along length of body from tail tip. Spicules paired, angular near middle, moderately sclerotised; manubrium not offset, slightly wider than shaft; blade narrowing gradually with a small notch on the anterior side, opening sub-terminal. Inconspicuous muscles associated with cloaca. Tail ventrally curved, length 1-2.5 times diameter at cloaca, tip bluntly rounded.
Diagnosis and relationships. Fergusobia floribundae n. sp. is morphologically characterized by the combination of a C-shaped parthenogenetic female with a narrow, arcuate, conoid tail; an arcuate infective female with an hemispherical tail tip; and an arcuate or J-shaped male with angular spicules and short to mid-length peloderan bursa.
Morphologically, the parthenogenetic female of Fergusobia floribundae n. sp. is most similar to those of F. delegatensae n. sp., F. diversifoliae n. sp., F. morrisae, F. minimus n. sp., and F. pimpamensis n. sp. The infective female is most similar to F. pimpamensis n. sp. The male is most similar to F. pimpamensis n. sp.
From phylogenetic analyses based on sequences of D2/D3 and COI, F. floribundae n. sp. is genetically close to Fergusobia spp. isolated from various gall forms on C. ptychocarpa (F. ptychocarpae), Eucalyptus spp. (Vs 37, 328, 38) , and A. near woodsiana (F. pimpamensis n. sp.).
The body shape of the parthenogenetic female of F. floribundae n. sp. (C-shape) differs from F. curriei, F. fisheri, F. porosae, F. nervosae, and F. quinquenerviae (open C-shape); from F. camaldulensae, F. pohutukawa, and F. viridiflorae (arcuate to open C-shape); from F. fasciculosae (arcuate) and from F. rileyi (almost straight to arcuate). The stylet (6-7 µm) is shorter than in all other described species of Fergusobia except F. juliae (5-7 µm) and F. minimus n. sp. (4-8 µm) . In length (352-466 µm), the female is smaller than those of F. indica (525-626 µm); but larger than those of F. cajuputiae (221-273 µm), F. fasciculosae (237-285 µm), F. fisheri (228-305 µm), F. jambophila (195-300 µm), F. leucadendrae (205-303 µm), (262-347 µm), F. nervosae (245-309 µm), F. philippinensis (229-310 µm), F. quinquenerviae (224-324 µm), and F. viridiflorae (259-328 µm). Parthenogenetic females of F. juliae are difficult to separate from F. floribundae n. sp., because they are variable in shape and form: F. floribundae n. sp. mostly has a longer reproductive system, and the circum-oral area is less raised. The parthenogenetic female of F. floribundae n. sp. has a more posterior hemizonid (1 annule anterior to the secretory/ excretory pore) than F. pimpamensis n. sp. (4-5 annules anterior). It is also very similar to those of F. minimus n. sp., but the cephalic region of the latter is never retracted when heat relaxed as it is in F. floribundae n. sp.
In shape (arcuate to J), the infective female of F. floribundae n. sp. differs from that of F. brittenae, F. cosmophyllae n. sp., F. curriei, and F. pimpamensis n. sp. (open C-shape); from F. eugenioidae, F. juliae, F. morrisae, and F. ptychocarpae (strongly curved in posterior region); and from F. rileyi (almost straight). In length F. floribundae n. sp. infective females (357-450 µm) are shorter than those of F. magna (537-633 µm); and longer than those of F. cajuputiae (239-309 µm), F. dealbata (307-347 µm), F. fasciculosae (268-332 µm), F. leucadendrae (227-291 µm), F. microcarpae (302-341 µm), F. nervosae (282 µm), F. porosae (277-300 µm), F. quinquenerviae (259-325 µm), and F. viridiflorae (321 µm). The ratio a (10.7-13.6) is larger than in F. brevicauda (8.9-10.6) and F. cosmophyllae n. sp. (4-6.8). The shape of the anterior fusiform part of the digestive tract of F. floribundae n. sp. is more slender (length 3-4 times diameter) than that of F. minimus n. sp. (length ~2 times diameter). Stylet length (5-8 µm) is shorter than in F. diversifoliae n. sp. (9-11 µm) . The body posterior to the vulva (arcuate with a hemispherical tip) differs in shape from that of F. camaldulensae and F. delegatensae n. sp. (less curved), and F. philippinensis (sub-truncate tip). Fergusobia fisheri has a mostly longer pharyngeal gland (morphometric ratio b' 3.2-5.7) than F. floribundae n. sp. (b' 1.9-3.5).
The male shape of F. floribundae n. sp. (arcuate to J), differs from that of F. porosae and F. jambophila (almost straight). In total body length (403-570 µm), it is longer than F. cajuputiae (286-364 µm), F. fasciculosae (274-336 µm), F. jambophila (200-390 µm), F. leucadendrae (254-350 µm), F. microcarpae (311-398 µm), F. nervosae (277-312 µm), F. philippinensis (280-390 µm), F. porosae (270-326 µm), and F. quinquenerviae (256-329 µm). The male F. floribundae n. sp. lacks the raised circum-oral area seen in F. magna, F. camaldulensae, F. eugenioidae, and F. juliae. The length of the pharyngeal glands relative to the total body length of F. floribundae n. sp. (b' 2.7-5.6, mean 4.1) is variable, but is mostly shorter than in F. curriei (2.3-3.7) and F. fisheri (2.3-3.4), to which the male is otherwise morphologically similar. The stylet (5-8 µm) is shorter than in F. pohutukawa (10-11 µm) and F. rileyi (11-13 µm). The tail shape (arcuate with a broadly rounded tip) of these nematodes differs from that of F. viridiflorae (more slender), from F. cosmophyllae n. sp. (broader), and from F. philippinensis (truncate tip). The ratio c (8.7-21.8) of male F. floribundae n. sp. reflects its variability in tail length (19-56 µm), but is always larger than in F. ptychocarpae (7.6-8.6). The spicules are strongly sclerotised in F. brevicauda, F. brittenae and F. dealbatae, but not in F. floribundae n. sp. The short to medium length bursa (23-55%), of male F. floribundae n. sp. differs from that of F. delegatensae n. sp. (~90%), F. diversifoliae n. sp. (>80%), F. morrisae (75-83%), and F. pimpamensis n. sp. (60-80%) (all longer), and from F. minimus n. sp. (12-28%) (which is shorter). The edges of the bursa are crenate in F. tumifaciens, but not in F. floribunda n. sp.
Etymology. Named after Angophora floribunda, the host plant from which the nematodes were collected.
Fergusobia minimus n. sp. Lisnawita (Figs 7, 9M, 10L) Holotype: A parthenogenetic female, on a slide together with an infective female and a male paratype, deposited in the ANIC, Canberra, ACT, Australia, collected at Sydney, NSW, data as above.
Paratypes: (collection data as above) deposited at the WINC, The University of Adelaide, SA, Australia, 6 parthenogenetic ♀ and 6 ♂; The Australian National Museum, Sydney, NSW, Australia, 15 parthenogenetic ♀, 1 pre-parasitic infective ♀ and 10 ♂; the Queensland Museum, South Brisbane, QLD, Australia, 30 parthenogenetic ♀ and 5 ♂; and at the USDA Nematode Collection, Beltsville, MD, USA 10 parthenogenetic ♀ and 2 ♂.
Description. Parthenogenetic female. From multilocular shoot bud galls on E. tereticornis. Body dorsally curved when relaxed by heat, with ventral side convex to form C-shape, occasionally more tightly curved (Fig. 7) . Smaller in size than pre-parasitic females and males; body tapering gradually posterior to vulva to form conoid tail, dorsal side concave. Cuticle with obscure annules, unmeasured; longitudinal striae not visible with light microscope. Lateral fields not seen.
Cephalic region diameter ~70% of body diameter immediately posterior, offset, unstriated; rounded outline and circum-oral area flat in lateral view. Small stylet with cone ~40% of total length, basal knobs well defined, ~2µm across at base, round.
Orifice of dorsal pharyngeal gland ~1 µm posterior to stylet knobs. Anterior fusiform part of digestive tract diameter 50-75% of body diameter, length ~2 times diameter. Lumen of tract broadening at ~50% length of dorsal pharyngeal gland. Pharyngeal glands large, occupying ~50% of body diameter, extending 23-50 (mean 36) % of total body length. Gland nucleus not prominent.
Secretory/excretory pore opening at 25-30 % body length; large cell/s surrounding duct; secretory/excretory cell not seen. Hemizonid shallow, ~15 µm anterior to pore.
Reproductive tract variable in length, extending part-way along dorsal pharyngeal gland or to nerve ring; outstretched or reflexed (5 of 20 specimens); oviduct with oocytes in two rows; uterus mostly containing no eggs or sometimes one egg (3 of 20 specimens), not extensile; vulva usually flat but occasionally lips protruding (1 of 20 specimens). Anus a tiny pore, rectum not obviously sclerotised, difficult to see. Tail variable in length, half to 3 times anal body diameter, tapering, tip bluntly rounded. Infective pre-parasitic female. From multilocular shoot bud galls on E. tereticornis. Infecting mature larval stage of Fergusonina sp. or pupa. Body open C-shape when relaxed by heat, greatest curvature in tail region with ventral side convex; maximum body diameter at mid-body length or at vulva; body narrowing gradually posterior to vulva. Cuticle with obscure annules, not measured; longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter 62 % of body diameter immediately posterior, offset, ~3 µm long; circum-oral area flat or depressed; stylet slender, weakly sclerotised with small round basal knobs ~1.5 µm across; cone 40-50 % of total length. Orifice of dorsal pharyngeal gland not seen; pharyngeal glands occupying ~33% body diameter, extending over intestine to average 37 (28-53) % of body length. Anterior fusiform part of digestive tract diameter 59-67 % of body diameter, length about double diameter.
Secretory/excretory pore with obscure duct; secretory/excretory cell not seen. Hemizonid ~5 µm anterior to secretory/excretory pore.
Uterus packed with sperm in inseminated females; vagina angled towards anterior end; reproductive tract extending to nerve ring; hypertrophied in length. Vulval lips broad and flat. Tail broad, arcuate; length ~1-1.3 times diameter at anus, tip hemispherical.
Male. From multilocular shoot bud galls on E. tereticornis. Body arcuate to occasionally C-shaped when relaxed by heat, tail region more or less curved ventrally. Cuticle with obscure annules, width not measured; longitudinal striations not clearly seen when viewed with light microscope; lateral fields not seen.
Cephalic region diameter ~65 % of body diameter immediately posterior, offset; circum-oral area flat; stylet with cone 40 % of total length, stylet knobs round, ~2 µm across. Anterior fusiform part of digestive tract occupying 47-81 % of body diameter, length ~2-3 times diameter. Orifice of dorsal pharyngeal gland ~2 µm posterior to stylet knobs. Pharyngeal glands occupying ~30-50 % of body diameter, extending over intestine to 18-34 (mean 28) % of total body length. Gland cell large, but not obvious. Lumen of intestinal tract broadening halfway along gland.
Secretory/excretory pore opening at ~50-100 % of length of pharyngeal gland; duct obscure, secretory/ excretory cell not seen. Hemizonid ~15 µm anterior to secretory/excretory pore.
Reproductive tract with single testis, variable in length, extending to nerve ring or more usually overlapping dorsal pharyngeal gland; outstretched; testis, seminal vesicle and vas deferens not clearly differentiated. Bursa peloderan; smooth; usually prominent; arising 12-28 (mean 21) % along length of body from tail tip. Spicules paired, angular (90°) at mid-length, moderately sclerotised; manubrium similar width to shaft, occasionally wider, offset; blade broad, opening unclear. Inconspicuous muscles associated with cloaca. Tail more or less ventrally curved; length ~1-2.5 times diameter at cloaca; tip bluntly rounded.
Diagnosis and relationships. Fergusobia minimus n. sp. is morphologically characterized by the combination of a C-shaped parthenogenetic female with a conoid tail, an open C-shaped infective female with a hemispherical tail tip, and arcuate to open C-shaped males with angular spicules and short, smooth, peloderan bursa.
Morphologically, parthenogenetic females are most similar to those of F. brittenae, F. cosmophyllae, F. diversifoliae, F. floribundae n. sp., F. morrisae, and F. ptychocarpae.
From phylogenetic analyses based on sequences of D2/D3 and COI, F. minimus n. sp. is genetically similar to F. brittenae.
In having a C-shape, the parthenogenetic female of F. minimus n. sp. differs from F. rileyi (almost straight to arcuate); and from F. brevicauda, F. curriei, F. delegatensae, F. fasciculosae, F. fisheri, F. nervosae, and F. viridiflorae (open C-shape). In length (303-421 µm), it is shorter than the parthenogenetic female of F. indica (525-626 µm) and F. magna (418-780 µm); and longer than F. cajuputiae (221-273 µm), F. jambophila (195-300 µm), F. leucadendrae (205-303 µm), and F. philippinensis (229-310 µm). The cephalic region of F. minimus n. sp. is not retracted when heat killed, as occurs commonly in F. floribundae n. sp. and F. pimpamensis n. sp. The circum-oral area in the parthenogenetic female of F. minimus n. sp. is flat, differing from F. camaldulensae, F. eugenioidae, F. morrisae, and F. pohutukawa, in which it is raised. The stylet (4-8 µm) is shorter than in F. camaldulensae (11-13 µm) and F. dealbatae (9-10 µm). The shape of the body posterior to the vulva (slender, arcuate, with bluntly rounded tip) differs from that of F. porosae (shorter); and from F. juliae, F. microcarpae, F. quinquenerviae, and F. tumifaciens (with more broadly rounded tips). The stylet length is mostly shorter (4-8 µm, mean 6 µm) than in F. brittenae (8-11 µm, mean 9 µm) and F. ptychocarpae (8-13 µm, mean 10 µm). The stylet length (4-8 µm) is also mostly shorter than in F. cosmophyllae n. sp. (8-9 µm) and the secretory/excretory pore is more anterior (55-116 µm vs 158-221 µm from the anterior end). It is also mostly shorter than in F. diversifoliae n. sp. (stylet 8-11 µm, mean 9 µm), and the latter does not have the large cells surrounding the duct to the excretory pore that occur in F. minimus n. sp.
The infective female of F. minimus n. sp. differs in shape (open C) from that of F. eugenioidae, F. juliae, F. morrisae, and F ptychocarpae (strongly curved in posterior region); from F. camaldulensae (arcuate); and from F. rileyi (almost straight). In length (419-458 µm), the infective female is smaller than in F. magna (537-633 µm) and larger than in F. brevicauda (350-410 µm), F. cajuputiae (239-309 µm), F. dealbatae (307-347 µm), F. fasciculosae (268-332 µm), F. leucadendrae (227-291 µm), F. microcarpae (302-341 µm), F. porosae (277-300 µm), F. quinquenerviae (259-325 µm), and F. viridiflorae (321 µm). The ratio a (10-12) n. sp. is larger than in F. cosmophyllae n. sp. (4-7). The stylet length (4-5 µm) is shorter than F. curriei (7-9 µm), F. delegatensae (8-11 µm), F. diversifoliae (9-11 µm) and F. pimpamensis n. sp. (6-10 µm). Shape of the body posterior to the vulva (straight, with hemispherical tip) differs from that of F. fisheri and F. nervosae (conoid, with broadly rounded tips), and from F. philippinensis (truncate tip). The anterior fusiform part of the digestive tract is broader (length ~ 2 times diameter) than F. floribundae (length 3-4 times diameter). Fergusobia brittenae has a more posterior vulva (80-82%) than F. minimus n. sp. (72-77%) .
The male shape of F. minimus n. sp. (arcuate to C-shaped) differs from F. brittenae, F. curriei, F. juliae, and F. ptychocarpae (J-shaped); from F. tumifaciens (barely J-shaped); and from F. rileyi (straighter shape). The male body is longer (368-502 µm), than F. cajuputiae (286-364 µm), F. fasciculosae (274-336 µm), F. jambophila (200-390 µm), F. nervosae (277-312 µm), F. porosae (270-326 µm), and F. quinquenerviae (256-329 µm). The stylet (4-7 µm) is shorter than that of F. dealbatae (9 µm), F. diversifoliae (9-11 µm), F. eugenioidae (9-11 µm) and F. fisheri (8-11 µm). The tail shape (arcuate, with a bluntly rounded tip) differs from that of the male of F. magna (more slender); and F. philippinensis (truncate tip). The spicule is longer (16-25 µm) than in F. cosmophyllae n. sp. (12-15 µm) and F. leucadendrae (14-17 µm). The bursa is short (arising at 12-28% of body length), differing from that of F. camaldulensae (50-70%), F. delegatensae n. sp. (~90%), F. floribundae n. sp. (23-55%), F. morrisae (75-83%), F. pimpamensis n. sp. (61-80%), F. pohutukawa (~95%), and F. viridiflorae (~80%). The male of F. minimus n. sp. has a sturdy spicule compared to the slender spicule of F. brevicauda. Males of F. minimus n. sp. have a relatively shorter pharyngeal gland (b' 2.9-5.5) and bursa (12-28% of total body length) than F. microcarpae (b' 2.0-3.1, bursa 24-47% of total body length).
Etymology. Named for its small (mini-) stylet (-mus meaning mouth).
Fergusobia pimpamensis n. sp. Davies (Figs 8, 9B, 10B)
Measurements. Table 7 . Material examined. 22 parthenogenetic ♀, 22 pre-parasitic infective ♀, and 20 ♂; roadside vegetation, Pimpama, Queensland, Australia (27°49´S 153°18´E). Taken from multilocular shoot bud galls on Angophora near woodsiana. Collected KA Davies, 9.vi.2002 . Holotype: A parthenogenetic female, on a slide with an infective female and a male paratype, deposited in the ANIC, Canberra, ACT, Australia, collection data as above.
Paratypes: (collection data as above) deposited at the WINC, The University of Adelaide, SA, Australia, 10 parthenogenetic ♀, 10 pre-parasitic infective ♀, and 8 ♂; the Queensland Museum, South Brisbane, QLD, Australia, 10 parthenogenetic ♀, 10 pre-parasitic infective ♀ and 10 ♂; and at the USDA Nematode Collection, Beltsville, MD, USA 1 parthenogenetic ♀, 1 pre-parasitic infective ♀, and 1 ♂.
Description. Parthenogenetic female. From multilocular shoot bud galls on A. near woodsiana. Body shape variable, usually dorsally curved with ventral side convex to form open C-shape, occasionally more tightly curved; similar in size to amphimictic pre-parasitic females and smaller than males; body tapers gradually posterior to the vulva to form a relatively elongate tail. Cuticle with obscure annules, spacing not measured; longitudinally striated. Lateral fields seen only with SEM, 4-5 µm wide at mid-body length, with 6 incisures.
Cephalic region diameter ~65% of body diameter immediately posterior, offset, frequently retracted when heat killed, unstriated; rounded outline in lateral view, circum-oral area flat or with small central elevation. With SEM, cephalic region retraction obvious (Fig. 4A) , 8 sectors around slightly elevated circum-oral area, four rounded sectors alternating with four flatter sectors, dorsal and ventral sectors slightly narrower (Fig. 4A) . Amphids not seen.
Stylet with cone ~40% of total length, basal knobs well defined, ~2µm across at base, round. Orifice of dorsal pharyngeal gland ~2 µm posterior to stylet knobs. Anterior fusiform part of digestive tract diameter 43-62% of body diameter, length 1.3-2.8 times diameter. Lumen of tract broadening at ~70% length of dorsal pharyngeal gland. Pharyngeal glands large, occupying ~50% of body diameter, extending 30-42% (mean 38) of total body length.
Secretory/excretory pore with obscure duct; secretory/excretory cell not seen. Hemizonid 4 or 5 annules anterior to secretory/excretory pore.
Reproductive tract variable in length, extending part-way along dorsal pharyngeal gland or to nerve ring; outstretched or singly reflexed; oviduct with oocytes not in rows; uterus containing no eggs or occasionally one egg (in 2 of 24 specimens); vulva with lips protruding or flat, or a depressed slit. With SEM, anterior lip of vulva overlap of posterior lip visible at lateral edges (suggesting that posterior lip is depressed for egg deposition). Tail tapering, often arcuate; length 1.6-2.5 times anal body diameter, tip rounded.
Infective pre-parasitic female. From multilocular shoot bud galls on A. nr. woodsiana. Infecting mature larval stage of Fergusonina sp. or pupa. Body arcuate to open C-shape when relaxed by heat, greatest curvature in tail region with ventral side convex; maximum body diameter in posterior half of body, or at vulva; body narrowing gradually posterior to vulva. Cuticle with obscure annules, width not measured; longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter 65% of body diameter immediately posterior, offset, 1.5-3 µm long; circum-oral area flat or slightly raised; stylet slender, weakly sclerotised with small round basal knobs ~1.5 µm across; cone 40-50% of total length.
Orifice of dorsal pharyngeal gland ~2 µm posterior to stylet knobs; pharyngeal glands occupying 18-31 (mean 27) % of body diameter, extending over intestine to average 23 (19-29) % body length. Anterior fusiform part of digestive tract diameter 43-71 (mean 54) % of body diameter, length 2.7-4.4 times diameter.
Secretory/excretory pore with obscure duct; secretory/excretory cell not seen. Hemizonid extending over 2 annules, immediately anterior to secretory/excretory pore.
Uterus 70% of body length in uninseminated females, packed with sperm in inseminated females; vagina perpendicular to longitudinal body axis, plugged with refractive material; reproductive tract extending to nerve ring, length hypertrophied in some specimens. Vulval lips broad and barely raised. Tail broad, arcuate; length 0.5-1.3 times diameter at anus, tip hemispherical.
Male. From multilocular shoot bud galls on A. nr. woodsiana. Body arcuate to C-shaped when relaxed by heat, tail region more or less curved ventrally. Cuticle with obscure annules ~1 µm wide; strong longitudinal striations apparent when viewed with light microscope; lateral fields not seen.
Cephalic region diameter 75 % of body diameter immediately posterior, offset, often retracted when fixed; circum-oral area flat, with lightly sclerotised framework; stylet with cone 40% of total length, round stylet knobs ~2 µm across. Anterior fusiform part of digestive tract occupying 44-68 % of body diameter, length 1.9-2.9 times diameter. Orifice of dorsal pharyngeal gland ~2 µm posterior to stylet knobs. Pharyngeal glands occupying ~30-50 % of body diameter, extending over intestine to 12-30 (mean 20) % of total body length. Lumen of intestinal tract broadening halfway along gland.
Secretory/excretory pore opening at ~50-100% of length of pharyngeal gland; duct obscure, secretory/ excretory cell not seen. Hemizonid not seen.
Reproductive tract with single testis, variable in length, sometimes extending to nerve ring but usually overlapping dorsal pharyngeal gland; outstretched or reflexed; testis, seminal vesicle and vas deferens not clearly differentiated. Bursa peloderan; smooth or crenate; prominent or obscure; arising 61-80 % along length of body from tail tip. Spicules paired, arcuate, moderately sclerotised; manubrium similar width to shaft, continuous or offset; blade broad, notched on anterior edge near tip; opening unclear. Inconspicuous muscles associated with cloaca. Tail straight or ventrally curved; length 1.5-2.6 times diameter at cloaca; tip bluntly rounded.
(30-50%), in which it is shorter. In having a crenate bursa, F. pimpamensis n. sp. differs from all described species of Fergusobia, except F. delegatensae n. sp. and F. tumifaciens.
Etymology. Named after Pimpama, the area of the Gold Coast, south-eastern Queensland, where the nematodes were collected.
Discussion
Nematode morphology. Habitus drawings of whole nematodes and of the forms of spicules found in males collected from large multilocular shoot bud galls are shown in Figs 9 and 10. Figure 9 demonstrates the morphological similarity between the three clades of Fergusobia nematodes inducing large multilocular shoot bud galls (Clades A, B and C in Fig. 1 ). These similarities, in nematodes from similar gall forms on genetically disparate host plants, are probably an example of convergent evolution.
All three clades have parthenogenetic females with C to tight C-shaped bodies, with conoid tails having bluntly rounded tips. However, both F. floribundae n. sp. and F. pimpamensis n. sp., collected from Angophora (Clade A), have infective females with hemispherical tail tips not seen in the other two clades. The Fergusobia morphospecies collected from hosts of the subgenus Symphyomyrtus (Clade C) have infective females whose body shape is more curved than in species of the other clades. Males from hosts of the subgenus Symphyomyrtus, from this gall form, have less curved bodies when heat-relaxed than males examined from the other two clades. Length of the bursa of males from Clades A and B (from Eucalyptus subgenus Eucalyptus) is variable but in those from Clade C it is always less than 50% of body length.
Subtle differences occur in spicule morphology ( Fig. 10) in Fergusobia from the three clades, but given the variation within the clades, and the small sample size, it is not clear if these are real trends. The spicule tip is bluntly rounded in Fergusobia from Clades A and C, but broadly rounded in those from Clade B. The ratio of the length of the 'foot' vs that of the manubrium and shaft tends to be smaller in Clade C (1-1.2) than in those from Clade B (1.3-2). The form of the spicule (angular vs arcuate) is variable, and clear trends across the clades were not observed. Similarly, spicule length varied within clades, but is useful as a species character.
Fergusobia cosmophyllae n. sp. was not successfully sequenced for phylogenetic analyses. However, it may be genetically close to F. brittenae from E. camaldulensis and an undescribed species of Fergusobia from E. tereticornis because the nematodes are morphologically similar, the associated fly larvae have similar dorsal shields, and the host plant species are closely related genetically. These three Fergusobia species were all collected from large multilocular shoot bud galls. Fergusobia cosmophyllae n. sp. needs to be recollected and resequenced to confirm these relationships.
The SEM's shown in Figs 4A and C confirm that Fergusobia has 8 head sectors, instead of 6, and the labial surface is not divided into plates. The dorsal and ventral sectors are narrower than the others, as reported by Siddiqi (1986) . This supports the classification of Fergusobia in the Family Neotylenchidae (Shepherd et al. 1983 , Geraert 1997 Davies et al., 2012a) .
The form of the duct from the excretory/secretory cell is distinctive in parthenogenetic females of both F. minimus n. sp. from E. tereticornis and in an undescribed species of Fergusobia collected from multilocular leaf bud galls on E. racemosa (Davies, unpub. data) . In both species, the duct is surrounded by swollen or broad cell/s (see Fig. 7A ). The function of these cells is unknown. The two Fergusobia species are placed in disparate clades of the phylogeny, and collected from hosts from different subgenera of Eucalyptus, i.e., are not genetically close.
Gall forms. Representative multilocular leaf bud galls are shown in Fig. 11 . Each unique Fergusobia/ Fergusonina mutualism appears to induce formation of a specific gall form (Davies & Giblin-Davis 2004; Davies et al. 2010a) . It is interesting to compare the morphology of multilocular leaf bud galls induced on the three groups of host plants from which they have been collected: From A. floribunda and A. near woodsiana (Clade A): Terminal shoot bud galls (Giblin-Davis et al. 2004; Taylor et al. 2005) . The entire bud becomes a fused ovoid mass of tissue, up to 1.5 cm in diameter when mature; developing leaves entirely fused; multilocular, containing ~10 to ~100 locules.
From Eucalyptus spp. of the subgenus Eucalyptus (Clade B): Shoot bud galls similar to those of e.g., E. camaldulensis, but usually more slender, 'chilli-shaped' (Giblin- Davis et al. 2004 ; multilocular; often glaucous; developing leaves entirely fused in some but in others part grows on separately from gall. When sectioned and stained with safranin, outer layers of cells in the gall stain red and scattered oil glands In summary, three forms of dorsal shields have been found with fly larvae collected from large multilocular shoot bud galls (Table 8) . These largely reflect the three phylogenetic clades of Fergusobia described here.
From Clade A (Angophora and Eucalyptus): Fergusonina fly larvae lacked both the dorsal shield and raised sclerotised spicules.
From Clade B (Eucalyptus subgenus Eucalyptus): The fly larvae collected had dorsal shields comprising transverse rows (or 'bars') of raised sclerotised spicules. The number of rows varied from species to species.
From Clade C (Eucalyptus subgenus Symphyomyrtus): All the fly larvae collected had shields comprising three sclerotised plates extending over three segments, with forward-projecting teeth arising from the middle of the second plate. The number and form of the teeth varied between species, as did the number and arrangement of associated sclerotised spicules. Some, e.g., the fly larvae associated with F. cosmophyllae n. sp. and F. minimus n. sp., have both the sclerotised plates with teeth and one or more transverse rows of spicules.
FIGURE 11. Large multilocular shoot bud galls: A, from A. floribunda; B, from E. delegatensis; C, from E. obliqua; D, from E. amygdalina; E, from E. camaldulensis; F, from E. blakelyi. A, fresh material; B-F, dried material. Scale bars = 1 cm. FIGURE 12. Differing forms of shields from L3 fergusoninid larvae from large multilocular shoot bud galls: A, 'bars' form from E. delegatensis; B, 'shield with teeth' form from E. cosmophylla. Scale bars = 0.2 mm.
Thus, examination of the shield form suggests three different lineages of Fergusonina associated with each clade of nematodes and the three groups of myrtaceous hosts from which large multilocular shoot bud galls have been collected. It further suggests co-speciation with the hosts, and/or host switching and radiation within each host group.
Host plant distributions. Information on the taxonomy and natural distribution of hosts can be used to predict Fergusobia distribution and biogeography, and to target future collecting (Table 9 ). In addition, phylogenetic relationships of the host plants can be used to test hypotheses about co-speciation of plant and nematode/fly mutualisms.
Fergusobia/Fergusonina mutualisms associated with large multilocular shoot bud galls were collected from Angophora in coastal and central inland NSW, and from a coastal area of south-eastern QLD. Angophora spp. are widely distributed in eastern Australia, suggesting that this gall form may also occur widely. Angophora is commonly found growing with eucalypts known to be hosts for galls with similar form and/or containing fly larvae that lack shields (K.A. Davies, unpub. data) , and thus host switching could have occurred.
Large multilocular shoot bud galls were collected from six sections within the subgenus Eucalyptus in northern QLD, NSW, VIC, SA, and TAS (Table 9 ). Most collections were from hosts within section Cineraceae. These hosts and their associated nematode/flies are particularly abundant in southeastern Australia and Tasmania.
Fergusobia/Fergusonina mutualisms associated with large multilocular shoot bud galls on hosts from the subgenus Symphyomyrtus were collected from QLD (from the south-east, Cairns region and inland Longreach area), NSW (coastal and inland areas), VIC, SA (coastal and arid areas), and WA (Kimberley region and the southwest). They were collected from six sections within the subgenus Symphyomyrtus, most commonly from section Exsertaria.
Thus, large multilocular shoot bud galls are found widely in Australia. They appear to be common on Angophora and Eucalyptus, but have not been collected from Corymbia.
Relationships. In summary, the nematodes collected from large multilocular shoot bud galls on myrtaceous plants other than Melaleuca form three clades on the basis of morphological and molecular data-Clade A from Angophora and Eucalyptus, Clade B from Eucalyptus subgenus Eucalyptus, and Clade C from subgenus Symphyomyrtus (Ye et al. 2007; Davies et al. 2010a ; Fig. 1 ). On the basis of the morphology of the dorsal shields of the fly larvae associated with each clade, we would expect other undescribed and unsequenced Fergusobia nematodes discussed in this paper to belong to one or other of these clades.
